CLAIMS 

We claim: 

y 

1 1 . An apparatus for measuring a parameter pf interest of a material comprising: 

2 (a) a cylindrical enclosure for enclosing the material; 

3 (b) at least one transmi^ having an antenna on the inside of the cylindrical 

4 enclosure for propagating^ electromagnetic radiation in the material at at 

5 least two frequencies^^d 

6 (c) at least one receiver^having an antenna on the inside of the cylindrical 

7 enclosure for measuring electromagnetic radiation in the material 

8 at each of the a/least two frequencies, the measurements indicative of the 
9 parameter ofiinterest. ^ _^....^«„_ 



1 2. The apparatus of claim 1 fur&er comprising a processor for processing data 

measured by the receivers^herein the processed data comprises measures of the 
parameters of interest. / 

1 3. The apparatus of cmim 1 wherein the parameter of interest is selected from the 

2 group consistingpf (i) resistivity and (ii) dielectric constant of the material. 

1 4. The apparatus of claim 1 wherein the material is at least one of a (i) liquid, (ii) 

2 solid, and^iii) a gas^ 

1 5. The apraratus of claim 4 wherein the material is flowing. 
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6. The apparatus ofi'claim 4 wherein the material is stationary. 

7. The apparpus of claim 1 wherein the at least one transmitter comprises at least 
two traflsmitters, the at least one receiver comprises at least two receivers, and 
wherffln the at least two transmitters are synmietrically arranged about the at least 
twoffeceivers. 




The apparatus of claim 1 wherein the material is in a subterranean formation, 
the apparatus further comprising: 

(i) a core bit operatively coupled to%e cylindrical enclosure for separating the 
material from the subterranean^om and, (ii) a drilling tubular for 
conveying the cylindrical enclosure into a borehole in the subterranean formation 
wherein the drilling tubular is selected from the group consisting of (A) a drill 
string and (B) a coiled/ubing. 



9. The apparatus of ofaim 1 wherein the at least one transmitter antenna is set in a 
circumferentialn"ecess on the inside of the cylindrical enclosure. 

10. The apparatus of claim 9 further comprising a ferrite material positioned in the 
recess far shielding the cylindrical enclosure from electromagnetic radiation. 



1 11. The apparatus of claim 9 further comprising an epoxy potting material for fixing 
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the at least one transmitter antenn^ the recess and protecting the antenna from 
damage. 

12. The apparatus of claim lywherein each said antenna is set in a plurality of 
apertures on the insid^f the cylindrical enclosure. 

13. The apparatus of dlaim 12 further comprising a ferrite material positioned in the 
apertures for ele(ctromagnetic shielding of the cylindrical enclosure. 

14. The apparatus of claim 12 further comprising an epoxy potting material for fixing 
the antenna in the apertures and protecting the antenna from damage. 



15. A method for determining a parameter of interest of a material comprising: 

(a) enclosing the material in a cylin enclosure: 

(b) inducing electromagnS^tjK^^ in the material using at least one 
transmitter antenna on me inside of the cylindrical enclosure transmitting 
at least two frequencies; anc 

(c) measuring with at least one receiver antenna the induced electromagnetic 
radiation in the materiafl at each of the frequencies, the measurements 

indicative of the par^eter of interest. 



16. The metho^f claim 15 further comprising using a processor for processing the 
data tOifletermine measures of the parameters of interest. 
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17. The method of claim 16 wherein the processor is at a location selected from the 
group consisting of (i) down hole on a drilf string and (ii) on the surface for real 
time monitoring. / 

18. The method of claim 1 5 whereiiVthe parameter of interest is selected from the 
group consisting of (i) resisti^ty and (ii) dielectric constant of the material. 

19. The method of claim ISywherein the material is selected from the group 
consisting of (i) a liqmd, (ii) a solid, and (iii) a gas. 

1 20. The method of cmim 19 wherein the material is flowing. 

1 21. The method ot claim 1 9 wherein the material is stationary. 

1 22. The method of claim 15 wherein the at least one transmitter comprises at least 

2 two transmitters, the at least one receiver comprises at least two receivers, and 

3 wherein the at least two transmitters are symmetrically arranged about the at least 

4 two rlceivers. 



23. The method of claim 1 5 further comprising: 

2 (i) operatively coupling a core bit to the enclosure; 

3 (ii) conveying the enclosure into a borehole in a subterranean formation on a 
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drilling tubular; and 
OiO operating *e core H. for separa.,ngjhypa.efia. ftom U,e sub.erra„ea„ 

formation; ^-^^^ 
wherein ti,e mM^^->^ ^ ^ ' 
String and^)<^i]^dt^^ig^,_^^ 



1 
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24 The meftod of claim 15 wher^me location of tire a, leastone — er 

anunna and fte a. leas. o^Ceiver antenna is selected fton, the group consisting 
of (i) a recess in the en^osure and (ii) a plurality of apert«es in the enclosure. 

25. The method of c^im 24 tether comprising shielding the cylindrical enclosure 
ftom electro Jgnetic radiation witi, a ferrite material. 

26. The meafod of claim 24 tether comprising fixing the at leas, one transmitter 
antenJand tire a. leas, one receiver an.enna in place wifl. an epoxy potting 
matffial. 



27. 



(a) a. 



An apparah. for measuring a paramei of interest of a material comprising: 

. cylindrical enclS^ for en/losing me material; 
0,) a, least two transmi^i having an antenna on the inside of the 
cylindrical enclosure V/ropagating electromagnetic radiation in the 
material a. least one tauency, 
(e) a. leas, two receiversLh having an antenna on the inside of the 
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cylindrical enclosure for measuring elechpmafnetic radiation in the 
material at the at leffit ope frequency, the measurements indicative of the 
parameter of interest."^ 

wherein the at least'two transmitters are symmetrically arranged about the at least 
two rgp^ivers. 




28. The apparatus of claim 27 further comprising a processor for processing data 
measured by the jeceivers wherein the processed data comprises measures of the 
parameters of ifiterest. 

29. The apparatus of claim 27 wherein the parameter of interest is selected from the 
group cpnsisting of (i) resistivity and (ii) dielectric constant of the material 



30. 



The apparatus of claim 27 wherein the/naterial is in a subterranean formation, the 
apparatus further comprising: 

(i) a core bit operatively couple^^o the cylindrical enclosure for separating the 
material from the subterranean formation, and, 

(ii) a drilling tubular for C5mveying the cylindrical enclosure into a borehole in the 
subterranean formatior 




The apparat\m)f claim 30 wherein the drilling tubular is selected from the group 
consisting /f (A) a drill string, and, (B) a coiled tubing. 



414-16782US January 9, 2001 



)0l 



17 



32. The apparatus of claim 2^herein each transmitter antenna is set in a 
circumferential recessy^ the inside of the cylindrical enclosure. 

33. The apparatus ofitlaim 32 further comprising a ferrite material positioned in the 
recess for shielding the cylindrical enclosure from electromagnetic radiation. 



34. The appamtus of claim 27 wherein the at least one frequency further comprises at 
least tw0 frequencies. 



35. A method for determining a parameter of interest of a material comprising 



(a) 
(b) 



/ 



enclosing the material in a cylindrical enclosure; 



/ 



arranging a first trah^itter antenna and a second transmitter antenna 

\W / 

symmetrically about receiyer antenna and a second receiver 



antenna; 



(c) inducing electromagnetic radiation in the material by sequentially 



activating the first and second transmitter antennas at at least one 
frequency; and 

(d) measuring v^th the first and second receiver antennas the electromagnetic 
radiation induced irrdie material by the first and second transmitter 
s, said m^asx 



antennas, 



p^asurements indicative of the parameter of interest. 



36. The methodjdf claim 35 further comprising using a processor for processing the 
data to d^ermine measures of the parameters of interest. 
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37. The methofl of claim 36 the processor location is selected from the group 

consisjffig of (i) down hole on a drill string and (ii) on the surface for real time 
momtoring. 



38. The method of claim 35 further comprisir 

(i) operatively coupling a core^tto the enclosure; 

(ii) conveying the enclosure into a borehole in a subterranean formation on a 
drilling tubular; and 

(iii) operating the core^it for separating the material from the subterranean 
formation. 




39. The method oflclaim 38 wherein the drilling tubular is selected from the group 
consisting o/(A) a drill string and (B) a coiled tubing. 

40. The method of claim 35 wherein the location of the transmitter antennas and the 
receiver antennas is selected from the group consisting of (i) a recess in the 
enclosure and (ii) a plurality of apertures in the enclosure. 



1 41 . The method of claim 35 wherein the at least one frequency fiirther comprises at 

2 leasljtwo frequencies. 
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